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A

ABSTR.CT

In previous report, we informed that the respiratory sympioms werve
easily occurred among the pcople living in Tokyo-Yokohama area and their
smoking habits as well as allergic constitution were closely correlated to
the onset of such symptoms,

This time, main interest was subjected to whether air poilutants, such
as sulfur dioxide etc., influence the onset of asthma attack in patients as
well as experimental animals. In addition, the respiratory symptoms among the
patients of chronic bronchitis were followed up so as to clarify the corre-
lation between the incidence of them and the envirommental factors related to
the air pollution. The results of investigation arc swmalized as follows.

1. The influence of sulfur dioxide to guinea pigs was studied on the
experimental asthma, measuring the respiratory sensitivity to acetylcholine,
Exposures to 30 ppm sulfur dioxide seemed to increase the respiratory sensi-
tivity to acetylcholine, though statistically not significant.

2, Pulmonary diffusing capacity for carbon ménoxide was measured among
asthmatic patients including similar type to T-Y astima as well as normal .
individuals, No significant differences were detected among Dy of each -
group. .ccordingly, it is sugosted that therc wore no such changes among
asthmatic patients including T-Y type as seen in the lung of emphysema or
alveo-capillary block.

3. Patients with chronic bromchitis picked up from the previous survey
were considered to be sensitive to the chenges of air pollutants in the air,
since the respiratory symptome in them increased in parellsl with the increa-

: :ltn ai{rpomtm‘: 1.0, dust fall, suspendod particles and sulfur dioxide
e N
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INFIUENCE OF SULFUR DIOXIDE EXPOSURE 70
EXPERIMENTAL ASTHM' IN GUINEA PIGS

Sulfur dioxide in the atmospherc of urban arecis has been considerﬁ)to
be one of the cuuses of the increasing frequency of asthratic attacks.

The survey concerning the relationship between the concentration of sulfur
dioxide in the a“mosphere and the incidence rate of asihmatic attacks, which
was presented in this report, has reveaied that asthmatic attacks occurred
frequently in condition of high atmospheric sulfur dioxid= concentration in
the Tckyo-Yokohama urea.

In guinea pigs, a dyspneic state resembling hum-n asthmatic attacks can
te induced by the inhalation of an aerosol of acetylcholine ( = Ach ), and
the ,.s....qics of breathing during the attaciis has been reported to be similar
tc man.*</ Also, cxposure Lo sulfur Gicxide increases airway resistance in
both man ard guinea pig.ls4,11) This mechanism might account for the increa--
sed incidence of asthmatic attacks during conditions of high atmospheric
concentration of sulfur dioxide, since airway obstruction is one of the main
physiologic characteristics of asthmatic attacks. The purpose of this paper
is to determine whether, in guinea pigs, the exposure to sulfur dioxide
accelerates the experimental asthma induced by the inhalation of acetylcholi-

Be,

The respiration of guinea pigs was observed by recording the change in
the pressure of the lung, \ﬁiamoppoaiteinsimtothe pressure change
in the body o?? The difference of bronchial sensitivity to
Ach was compared between guines pigs exposed to sulfur dioxide and others

not exposed.
MATERTALS AND METHODS
MATERIALS
Male guinea pigs, weighing 250g to 300 g, were used.
METHODS

1. Measurement of pressure change in the lung of guinea pigs (Recording
of alveolar pressure traczing).

A guinea pig wes placed in a comfortable sitting position in an air
tight plastic cylinder (10cm in diameter and 20cm in length), and the pressu-
re change in the cylinder was transmitted to a sensitive pressure transducerw,
carrier preamplifier®* and direct-writing recorder.## Since the total
amount of air in the plethysmograph-lung systom is constant, an increase in
air pressure inside the lungs of guinea pig, as during expiratory effort,
mist cause a decrease in pressure in the remainder of tha gas in the plethys-
mograph. The resultant pressure change in the :yiinder must be oppoaite in
sism to the pressure change in the lung, i.e., thc aivcclar pressure change.
Fig., I. shows the photograph of the apparmatus,

Since alveolar pressure is almost equal to ‘atraplcural pressure, the
value of alveolar pressure was roughly esiimated by ccmparing the cyliader
poesoure and the ral pressure. Tho Jattcer was transmitted to a
puessur?ztransducer by polyethylcne cailicter inserted into ths plour.l
cavity. %) Fig, II. shows the pressure cienie in the body plethyamograpa and
tt. v 17 the pleurcl cavity.
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# Differontial Pressure Transducer B, Nippon-Kohden-Kogyo Co.
#% Sanborn Carricr Preamplifier, 350-1100b

##% Sanborn Oscillographic Recording Systom, 964 (M)

st Differential Prassure Transducer, Nippon-Kohden-Kogyo Co.

2. Acetylcholinu Inhl]:ation Test in Guinea Pigs.

A saline solution of 10% acotylcholine ( W/V ) was diluted in 6 test
tubes in serial doubling method. Before the test, an animal was placed in -
the body plothysmograph and the pressure change in the box, i.e., alveolar
pressure change, was recorded contimiously during the seversl respiratory
cycles. An aerosol of the most dilute solution of acetylcholine was perfused
through the plethysmograph box for 4 mimites. Immediately after the
inhalation, the pressure change in the air tight box was msasured. Increas-
ing the concentration of acetylcholine solution, this procedure was rcpeated
up to a sufficient concentration as to recognise the apparent pattern of
dyspnea in the recording of the alveolar pressure tracing (the dyspneic
pattern of alveolar pressure tracing will be doscribed in the following
paragraph). The minimal concentration of acetylcholine solution to cause
dyspneic pattern in alveolar pressure curve was defined as "Respiratory
Threshold to Acctylcholine® (RT-Ach). .

During normal bpeathing, thc alveclar pressure tracing was triangular-.or
sine vave in form, 8) and the respiratory cycles wore regular. During the
dyspneic state induced by the inhalation of acetylcholine, alveolar pressure
tracing was rather rectangular in form, i.e., steecp and deep inspiratory
deacending slope followed by stcep expiratory asccnding slope and gentlely
ascending expiratory platcau with rather long duration, The respiratory
cycles became frequent and irrogular. The chenge of the normal alveolar
pressurc tracing into a dyspncic one was, in mosticascs, relatively dofinite,
as shown in Fig. ITII., In cases wherc the change in alwvcolar pressure
tracing was not so definite, the animals were allowed to inhale aerosols of
acetylcholine solution with higher concentration, and the previous change of
the tracing was sassured to be dyspneic, when thc tracing recorded with these
higher concentrations of acetylcholine showed the definite dyspmeic pattern.

herosols of acctylcholine solutions were generated through a Vaponefrin
nebuliser, using compressed oxygen with a flow rate of 6l,per mimite. Large
particles of acrosols were excluded through a simple filter as shown in.Fig,
I., and the sise of the particles of the aerosols ranged under 3 micrs in
acrodynamic diameter.

3. Bxposure to Sulfur Dioxide
Guinea pigs were exposed to sulfur diocxide with concentrations of 100
and 30 ppm for the period of 30 mimutes. Acetylcholine inhalation tests
wore carried out (lri.’ediate]y after tho first exposure and (2) one day
after the .sst exposuresthe six daily consecutive exposures.
RESULTS

The results were summarized in Pig., IV. and V,
1. The Changs of RT-Ach of Guinea Pigs Exposed to 30 pm 30, (Pig. IV.)
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“he mosn LT-hch of 13 guinea pigs wis 5,36 mg/ml befor. the cupesure, and
after the first 30 mimutes exposure the mean RT-~Ach was /.67 mg/ml, where_as
thc mean RP-Ach of 12 control guinea pigs were 4,35 mg/ml and 2,33 me/ml at
cceasions before and after the cxposures. The decrease of the mean RT-Ach

of guinea pigs by the exposure was slightly less than that of the mean RT-Ach
of controls in the corresponding period, This difference is not statistically
significant.

The mean RT-ich of 7 guinea pigs was 5,00 mg/ml before the oxposure, and
after the 6 deily consecutive exposures the mean RT-ich was 1,89 mg/ml
houcver the mean RT-ach of § coatrol guinea pigs were 4.35 mg/ml and 3,70 mg/
ml on the occasions before and after the exposures. The decrease of the mean
RT=-Ach of guirez pigs by the consccutive exposures, was larger than that of
the mean RT-ich of the control in the corresponding period, though this '
differense proved not to be statistically significant.

An impression was given that the consecutive exposures of 30 ppm SO
ot increase the respiratory sensitivity to /ich in guinea pigs.

2. The Change of RT-Ach of Guinea pigs Exposcd to 100 ppm SO, (Fig. V.)

The mean RT-/ch of 5 guinea pigs was 4.35 mg/ml before expcsure, and
after the first 30 minutes exposurs the mean RT-.ch was 5,75 mg/ml, where as
the & an RT-ich of 5 control guineca pigs were 4.3% mg/ml ard 3.7C mg/t:l on
the occasions before and after the exposure. The mean RT-ich of exposed
guinea pigs increased slightly by thc exposure, and the mean RT-ich was
relatively unchanged for the corresponding period. This difference in the
changes ‘of RT-ich beiween the treated and control groups is not statistically
significant.

The mean RT-ich of 13 guinea pigs was 2.62 mz/ml before the exposures,
and alic: the 6 consecutive exposure the mean RT-Ach was 2.02 mg/al, where
the mean RT-ich of &4 control guinea pigs were $.00 mg/ml and 4.0% mg/ml on
the occasicns before and after the exposures. The mean RT-ich of hoth
treated and control guinez pigs were almost unchanged for the period of the
exporiment .

Before .dch irnhalation test, 4 guinca pigs which had been exposed to 302
consccutively, showed alveolar pressure tracing patterns relatively similar
to that of dyspnea. One guinea pigs without S0 cxposure showed the same
phenomenon. These 4 guinea pigs, except 1, showed lowered ET-Ach, and some
of them were found to have patchy consolidations in the lungs at autopsy.

DISCUS~ION

In the prev;}gus contractor's report and following wblicationss’9’m)
Miyamoto et al. {/have found that exposure to made guinea pigs more
sensitive to irhaled Ach, i.e,, the inhalation of Iower concentration of
ich solution was sufficient to produce respiratory distress in the animals,
In that experiment, the respiratory distress meant respiratory symptams such
2s proiongation of expiftion, tachypnea, irregularity of respiratory rhythnm,

. frequent sncezing, etcCes

In this experiment, cxperimental asthpatic attackg was defined as the
dyspneic state showing definito change of alweolar pressure tracing from
sine or triangular wave to rectangular one, ind, no significant effects of
SC» inhalation were found upon the cxperimental asthma, though consecutive




inhalation of relatively low concentraticn of SO secmed to decrease the
R'-Ach, i.e., to provoke experimental asthma more easily. On the cther hand,
one time exposure tc SO, had no definite influence on the experimental asthmatic
attacks at all,

The resulis of the previous and present reports suzgest that the exposure
to S0z increases bronchizl irritability to Ach, caasing tachypnea, sneczing and
irregularity of respiratory rhythm, whereas thc. exposure might have relatively
laas influence on ihe occurence of apparant experimental asthmatic attacks in
guinea pigs.

Our previous report suggested that the polluted atmosphere of the Toxyo-
Yokohama area increases the incidence of respiratory symptoms, couy.:ing, soutum
product.ion, throat irritaticn and pulmonary function disturbances, while there
was no increased incidence of airway obstructive diseases,

It was reported that there was no significant difference in the incidence
of infantile a,sshm among the children living in the air.poliunted area and in
non-poiluied, </ If bronchizl asthma was produced by continous bronci:ial
irritation, the incidenc2 of the diseasc should be higher in the zir-polluted,

- industrialized area, such as the T-Y aree,

The present experinent and the previcus survey suggest that the pollution
of the air might be on? of the aggravating factors of bronchial asthma but
have little part in etiology.

The method cmployed in this experiment was the cbservation of aiveolar
pressure tracing, and was not sensitive enough to detect the more subtle changoes
of air way obstriction induced oy SO, and / or Ach inhalations, At preacnt an
attern* %o neasure z2irvyr rasicionce of gieinea directly is going on anxd the wmore
detailed study of this fhene will be carried out Iabor,

33T,
ol RX

The infiuence of auifur dioxide exposure to experimenital asthmatic attacke
was studied in gzuinea pigs, measuring the respiratory serneiiiviir Lo acetrihola
ins, Ko significant change of respiratory threshold to acetylinoliine ( IT«fc
wes odserved among the groups exposed to various concemirations of sulfvr
dioxide, though an impression was given that consecutive exposures to 30 ppm
salfur dioxide might increase the respiratory sensitivity to achtylcholine, .

The roles of sulfur dioxide exposure were discussed in relalion with
experimental asthma in guinea pigs and- bronchial asthma in man,
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Fig. I. Photograrh of /ipparatus

A guinea pig is placed in body plethamograph. Upper tubing connects to
the pressure transducer. One side-tubing connects to the nebuliser and the
filter. The other side~*ubing is for cxhaust., On recording alveclar
pressure tracing, both side~tubings are closed,




halhiads

e g

s M o

Loroshort i ¥
Lo bal iy ta o u

-— . -
- avess -
- e

- - -
- vt e -

80X

W
-4
S
0
0
W
-3
- B

M A

.
< g
- e
PO,
e ea e
S

R
'.1.3
RN
Clop
L
. Ti
MV
FEN
: 1
!

AHEN
MW
8.

* {0~
-20—
~
‘v

a0

~te

{
i
!
t
v

ceund

™

O
-
' ) .2'

INTRAPLEURAL .
PRESSURE
c

B N e AL E L i

e

W mar veen

.

Necording of Box 2-eseure and Intreplearel Preesure.

3

5oL o

i,

Tig iie Sexpls Tracing of Ozinea Pig

P X
at

4.
IR

L




¢
L4
e

REAT T S s,,véﬁ LR ;,,ié‘;%

(A) pc.i co:\’c NT.. OG-»'aa'/nI (C) ”"i co ENT.: 2.30’.«'.;%13

ST t-d

Tt N
B N S ST & RN PR

) .‘."‘-:Z_"t',_';-
) . - BEFORE AFTER- o > S e 3
g = WHALATIC  paizLaTion . CEFORE SETER *
C(BY A ” C“'*Cm! (K3 ERIPRTN
"3? P R S LR e
O - : o . Ty E Y $
o _ BFFQnE ' AFTER : ] .,1 3
R A IRHALATION. - IHALATION i ATioR iz KTION P
s e a e e o s o e - . v s we . PR v - ;A

- Pig. 1II. - Sample Tracing of Cuinca Pig Respiration in ich Inhalation
Testo B

In (A ), (3 ) and ( C ), the guinca pig breathed normally after the
inhalation of an aerosol of ica a.m;*o.‘, and no significant change of
alveolar pressade tracing was cbierved.

" In (D), the minea pig became dyspneic during the inhalation, and the
- alveolsr proscere tracing showed the tyaical dysmeic pattern.
#  The concontiation of acet 'lchohne solution ( W/V ) used for the test.
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PUIMONARY DIFFUSING CAPACITY IN ASTHMATIC PATIENTS WITH AND
WITHOUT CLINICAL FEATIRES OF #S50-CALLED TOKYO-YOKOHAMA ASTHMAM

- In 1954, a new envirormental respiratory disease, so-called Tokyo-
Yokohama acthma, was report-ed3 and the air pollution of this area was assumed
to be a contributing factor, ) The possibility has been suggested that this
"Tokyo~Yokohaga1a$thma TY-A)", under certain condition, progresses rapidly
to emphzsciaa. S0 10

In our previouc report, we concluded that air pollution in T-Y area is
harmfell to '=: recpiratory tract, indicated by increasing respiratery
sympicns and cisturding pulmoaary functions.7) The total of 237 asthmatic
.patients from our clinic were investigated, These investigations revealed
no cases presenting characteristics compatible with the entity og)the S0-
called T-Y asthma, thcugh some presented quite similar pictures. :

In this study, pulmonary diffusing capacity of carbon monoxide was
measured among the asthmatic patients with one or more of clinical features
of so-called T-Y asthma and without them.

Pulmonary diffusing capacity is frequently reduced in chronic obstructive
emphysema, due to destruction of the alveolar and capillary walls, decreasing
the surface area fc: gas change. In uncomplicated bronchial asthma, the
diffusing capacity is relatively normal.!:2!)

The present investigation'was aimed al knowing if, measuring the pulmona:--
diffusing capacity, emphysematous changes would be suggested among the
asthmatic patients having symptoms similar to T-Y asthma,

SUBJECTS AND METHOLS

The asthmatic patients studied were in- and out-patients in the Depart-
ment of Pnysical Therapy and Medicine, Tokyo University Hospital, ; - who had
episcdec ol paroxyemal dyspnea and wheezing without apparent other respiratory
diseases, BEight of them presented the history and/or clinical features
simijar to T--1 asthma, i.e., the initial experienve of asthmatic attacks in
T-Y arca after thelr move to this industrialized area from rural areas,
relief ol asthmatic attacks by the removal from air-polluted T-Y area, and
exacerbation by the return to T-Y area. They were composed of 5 males and 3
females, with the mean age of 25,9 (SD % 7.2), ranging from 17 to 4O years of
age. Thirty of tho asthmatic patients, 23 males and 7 females, presented
noither history nor clinical fcatures similar to T-Y asthma. The aga of these
subjects ranged from 15 to 64 years of age, with the mean of 34.1 (SD * 13.9),
Sixteen normal subjects, 10 males and 6 females, wero physicians or techni-
cians in Tokyo Universityr Hospital. The age of these subjects ranged from
17 %o 42 years of age, with the mean of 25.4 (8D 7.7).

Dulmeorars diffusing capacity was measured by Forster's s%?gle breath
cgrba. sola e ethod as modified by Ogilvie and co-workers. The measurc.
merts weore e with a Coilins hox-balloon respirometer with a 5-way Rudolph
vove,  Thoe dvgplred tecl gas contained approximately 0.2 percent carbon
monide, 10 percent helium, 21 percont oxygen, and the balance nitrogen.

The breathiiolding period was about 10 seconds, and an effort was made to
collect the expired gas.fast as possible. The carbon monoxide and helium

were analizad in the Godart infra-red CO analygor and the Godart pulmoanalyzer
respectively. The diffusing capacity values prosented in this paper rupresent
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(1) Dypg: milliliters of carbon monoxide transferred per minute per each
millimeter of mergury pressure for carbon monoxide, (2) Xrogh's coefficient
{Kcg) per minute.*}# The latter coefficient was used because many of the
asthmatic patients showed increascd alveolar vslwas and consequently there
was the possibility that their Dppop were over-estimated,

The diffusing capacity measurements were czrried oult during the period
of remission from asthmatic symptoms, and the subjccts were checked to be
sure that they were free from asthmatic symptoms before the test.

The chest X-ray {ilms of asthmatic patients wore reviewed for tae
presence of emphsematous change, i.e., increased transparency of lurg field,
widening of bony thoracic cage, lowering of the dizpharagm, decrecased vascular
markings etc. The findings of the chest X-ray films were roughly divided
into 4 categories, i.e., normal, mildly, moderately, and severely emvhyscmatous,

# LKoo was calculated from Dygg following the equation: X% Drco X ( BP
-47)/ 7y, vhere BP is barometric pressure represeuted in millimeters of
mercury pressure, and V,is alveolar volume represented in milliliters.

RESULT

Table I. summarizies the values for the pulmonary diffusing capacity, other
pulmonary function tests and brief history for the asthmatic patients similar
to T-Y asthma, _

Fig.I. and Fig. II. show Dy and Koo among the asthmgtic patients

similat to T-Y asthma, asthmatic patients of ordinary type and normal subjects,
The mean in the asthmatic paticnts similar to T-Y asthma was 34.3 (SD 2

5.3)mi/min. /muilg, compared with the mean Dpgy of 32.4 (5D % 9.0) ml/min./mmfig
in asthmatic patients of ordinary type, and of 29.4 (SD % 5.8) ml/min./mmilg
in sormal subjects. There is 2o ctatistically significant difference among
these mean values av the 5 percent levei. The ngan Koo in asthmatic patients
similar to T--¥Y asthwrz was 5,92 {SY % 1.40) min,™, compared with the mean K
of 5.45 (<D % 1.24: min.~1 in asthnatic patients of ordinary type, and of 5,
(SD * 0,61¥d:n. =L in normal subjects. There are no statistically significant
differences among thesc mean values at the 5 percent level.

Fig. II1., Fig. IV. and Fig. V. show Djy plotted against XFEV:.o/FVC,
RV/TLC ratio and TLC /Predicted TLC ratio among the asthmatic patients similar
to T-Y asthma and ordinary ones. Individual points of asthmetic patients
similar to T-Y asthma were included in the range of ordinary asthmatic patients
in each of the figures. The mean % FEV:1.0/FVC in asthmatic patients similar
to T-Y astama was 69.5 (SD £ 10.2)%, comparcd with the mean % FEV,.o/FVC of
63.6 (SD £ 16.2)% in ordinary asthmatic patients. There is no statistically
significant difference between the mean values. The meun RV/TLC ratio in
asthmatic patients similar to T-Y asthm was 28.6 (SD & 6,3)%, compared with
the mean RV/TLC ratio of 37.2(SD % 9.5)X in ordinary asthmatic patient~. This
difference is statistically significeant at the 5 percent lavel. The mean TIC
/Pred. TLC ratio in asthmatic pationts similar to T-Y asthma was 116.5 (SD =
12,0)%, compared with the mean retio of 127.3 (SD t 23.0)%, in ordinary
asthmatic patients. There is no statistically significant difference betwoen
the mean values at the 5 percernt lovel.

Fig. Vi. sunmarises the reviow of the chest X-ray films. 7This rosults
revealed that asthmatic patients similar to T-Y asthma presented relatively
slight emphysematousf@ilill@ changes on chest X-ray films.
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-+ -DISCUSSION

Significant decrease in diffusing capacity are invariably seen in
patients with advanced chronic obstructive emphysema. It is believed tha%
this decrease is related to the loss of pulmonary vascular bed. Also, i is
suggested that differential diagnosis between bronchial asthma and cironic
obstructive emphysema can be established by the presence of a normal diffusing
ﬁ?ncity in asthma as comparcd with a low diffusing capacity ir emphysema.l,2,

One might speculate that some noxious agents contained in the air of an
industrialized area might cause an alveo-capillary block, especially, among
asthmatic patients, who might be sensitized and whose lung might be susceptive
to non-specific stimuli.

Diffusing capacity in asthmatic patients similar to T-Y asthma, like the
ordinary type, was found to be within the normal range or more. These results
showed that, as far as pulmonary diffusing capacity w & concerned, bronchial
asthma similar to T-Y asthma was identical to ordinary bronchial asthma, and
suggested that there were neither the changes of lung as seen in chronic
obstructive emphysema nor in alveo-capillary block.

Diffusing capacity in bronchial asthma similar to T-Y asthma was
relatively high compared with that of ordinary type, though not significant.
This difference could be explained by the short duration of the disease in the
former, since diffusing capacity in bronchial asthma has tendency to decrcnse
in the course of the discase.

The mean ZFEV,,o/FVC of asthmatic paticnts similar to T-Y asthma was
larger than that of ordinary ones, and thc mean RV/TLC ratio and the mean
TLC/preditted TLC ratio wsre lower among the asthmatic patients similar to T-Y
asthma than of ordinary type. These differences could be explained by the
shorter duration and younger age among ths former., From thesc results, it con
not be proved that asthmatic patients similar to T-Y asthma have particular
tendency to show obstructive or hyperinflative changes in their lungs,
compared with ordinary asthmatic patients.

Individual points plotted in Fig, III,IV and V of the asthmatic patients
similar to T-Y asthma represented by and %FEV).0/FVC, Dy and RV/TLC
ratio of TLC/predicted TLC ratio, were all in the rahge of those of the
ordinaty asthmatic patients. These results, ‘oo, show that asthmatic patients
similar to T-Y asthma can not be said to form a paticular group different
from those of ordinary type..

By performing pulmonary function test dincluding CO diffusing capacity,
LFEV: O/FVC, RV/TLC ratio and TLC/predicted TLC ratio » wWo could find no
signiticant differences betwcen the moan values of the asthmatic patileits e
had had their initial asthmatic attacks after their move to Tokyo-Yokoh::wu
area or whose move to T-Y arca aggravated thoir asthmatic symptoms, and o
the ordinary asthmatic patients. The asthmatic patiente selocted for thoir
similarity to so-called " T-Y asthma" are ordinary asthmatic patients who
only started thoir initial attacks in T-Y area, and have no changea that
suggest emphysema, espocially chronic obstruction amphysema, 2 compored
to tho other asthmatic pationts.

SUMMARY




Pulmonary diffusing capacity for carbon monoxide was measured among
asthmatic patients similar to T-Y asthma, asthmatic patients of thc ordinary
type and normal subjects, No significant differences were detected among the
mean diffusing capacity values of each group. The results suggested that, in
bronchial asthma similar to T-Y asthma, likc in ordinary bronchial asthma,
thers were neither destructive changes as scen in the lung of chronic
obstructive emphysema nor alveo-capillary block.
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Fig. III. D; oo Plotted agninst £ FEV: o /7VC, among isthmatic
Patients Similar to T-Y isthma and of Ordinary Type.

Incividu-l points cuiside the elliipscid a7 well bc said not to be

included in the group of asthmatic patients of ordinary type at the ., - =t
leve) o. rrgnificance.
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" . Pg. IV, Plotted against RV / TLC Ratio, among asthmatic
Patients Similar to T-Y Asthma and of Ordinary Type,

Individual points outside the cllipsoid may well be said not to be
included in the group of asthmatic paticnts of ordinary type at the 5 percent
level of significance.
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FOLIOY P STULY CF THE J/ILY INCIZZNCE OF RESPIR..TORY
SYMPTOMS 1IN THE GROUT HuVING CHRC..IC BRONCHITIS

In the previous reports, wc have informed on the results concerning with
the incidence of respiratory sympioms in male workers of a factory of Tokyo-
Yokchama area which were compared with that of a rural area, and also have
§ng rmed on the study of asthma patients in Tokyo-University Hospital Clinie.

’ Further study was subjected to the follow up of daily incidence of
respiratory symptoms in the group of chronic bronchitis picked up from the
subjects in the previous survey.

About hundred patients were ?hosen through the criteria of chronic
bronchitis indicated by Fletcher>/ such 2s persistent ccugh, phlegm, throat
irritation and _hortness of breathing since at least three years in their
histories. In addition, persons with reduccd & FEV,;.o (under 80 £ ) with
symptoms since less than three years but over cne year were included in this
category.

Those paticns were trainel a1s tc checx correctly fa their symptom-dia-
ries which werc nrepared by the contrucitor s shown in Fig., 1 regarding
respirator- symptoms and related disvidz.s. They wore supervised by the
practitioner of the cttached Jilinic located in the factory and also by the
contractor whe uscd lo visit there at lesst cace 2 month., However, at the
end of ore ye~r!s cbservaitlion, orly sixty three patients had completed their
diarfes corractly; from Augzu-i 1, 1963 to July 31, 1964.

They were tested their pulmonary function by using Benedict Roth
Respironeter at the begin of December, 154, when same technicians and same
aprparatuswere used 25 in previous survey at December, 1962. In this occasion,
pneunokoniosis patients diagnosed by Z-ray £ilm and normal persons were also
tested as the control.

Envirommental data were obtained from the Kawzsaki Municipal Institute
Hyglene under kiliness of Dr. Terabe, the director of this Institute. The
data were such as monthly determinntion of dust £all in Ton/kn“/month, and
sulfur dioxide mg/day/100c? PbO; which vere the averages of four spots
located around the factory in near distance; i.e. Ohkawa Cho, Chgi machi,
Minami Oda and Kokan-dori. daily

Besides, daily data such as visibility in km, mean air flow scdag n/
second, mean index value of suspended particles in the air and mean content
(ppm) of sulfur dioride from the antomatical air samplors were presented for
use, so thai dnily correlaiicn between the incidence of symptoms and data of
those items was analysecd.

RESULTS

J. The monthly variation of positive rates of respiratory symptoms
related to the air pollution.

The symptom-di-ry was inspected carefully regarding contimuous hasard
of coughing, phlecgm, sneezing and throat irritation per month for all 63
patients who completed their diaries through a year round. 411 rates of
incidences of cymptoms and the monthly quantity of dust fall and salfur
dioxide from the air are shown ia Tabie I and Fig., 2.

As shown in Fig. 2, the incidence carves of coughing, sneesing, phlegm
and throat irritation were som< how parzllel to that of dust fall or sulfur
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dioxide during August to March. For clariying the correlation, the correla-
tion coefficients were calculated and analyse statisticclily, and results were
presented in Table 2 and Fig. =.

Through statistical snalysis, the incidence of sr 12ing was positively
related to the incrcice of quantity of vist fall on the significant risk of
under 5%, ~nd the incidence o° phlepm ond su. . ing wers positively related

to the increase of quuntiiy of suifur dioxide 0'111 when dota were limited in

August Yo iarch. However, ciher combinations b. Sween them were not corrclated

signifi-artly.
2. Daily correlation of symptoms and air pollution factors,

The daily incidences of phlegm or coughing in the subjzcted sroup were
followed up and its variations were measured from the drily ay S:rage of roving
fifteen days incidence and evalueted as excess or dindmution.t/ Those daily
differences were compared with the data of visirility, moean air flow, m'an
index of suspended particles in the air and moar: content of sulfur dioxide
in the air.

The correlation charts are shown in Fig. 4 and Fiz. 5. In the column of
phlegm and coughing, thesmogthly changing curves of small lines are indicated
as the fifteen days avarage lines whish are siandard lines for calculating
the daily differences of symntom incidincer. This method using fifteen days
average is designed for excluding 2 biai fron seasonal variation, social
hazard and others.

When the incidence of phlcgm, or coughing or tne incidence of occurring
either phlegn or cughing arc compared with the daily index of suspended
particles or content of sulfyr ¢ioxide, the correlation cocfficients between
then are as shown in Tadlic 3. .5 the cbservation of sulfur dioxide in the
air has done only in May and June s data for calculation were 58 in number as
shown in Fig. 5.

In this Table 3., the correlation between phlegm and the index of
suspended particles was nearly significant and other correlation were falled
in getting significancy. Adccordingly, suspended particles in the air is
considered to influence ¢80 the severity of chronic bronchitis.

3. The change of £ FEV,.0 in the workers of Tokyo-Yokohama area during
two years distance of time.

4s stated in the introducing paragraph, the patients of chronic bronchi-
tis , pncumokoniosis as well as normal nersons were tested in m]mona:k,
function at the begin of Deccrmber in 1962 and 1964, '

During two vears of period. some one showed an incrensc and ~ther showed

a Gecrezsc on & value of 4 FiVi.. . accordiagly, the diff.rcnczbetween the two values
of the same pers on vas classificd inte one of diffcrent colurms which werc

divided in cwery 5 & of differcnce; i.e. ~15 to -1C, -2 to ~5, =5 to U, O to
+5, +% Lo +10, +10 to +15% as shown in Pig. 6. and Table 4. In addition, the
subjects werc also classified sevarately arehromc bronchitis, pneunckonic-
sis and normel persons.

When the three distributiag curves u‘e compared t‘*e p&.&k of chrom.o
bronchitis and pneumckoniocis ar: located in the clucs of -5 Lo 0 aifleren-

ce, while the peak of normal perscns are in tae class of 0 1o 45 3 c:.if,“ence.

iAccording to statistical analysis, Those difference are significant dm . risk
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previous survey, patients of chronic bronchitis were sensitive to the change
of air pollutants im the aty. .ccordingly, the respiratory symptons ere
increased in patient group parallel to the increass of air pollutant 4tm-vhe -
eir. Consequently, obstructive disturbance measured by £ FEV,.0 was slightly
developed in patient group curing two years.
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Table 2.

The correlation coefficients between the
monthly incidence of symptoms due to
chronic dbronchitis and the environmental

Note:

factors.
Environmental factors
Symptoms Dust fall in Sulfur dioxide
_ Ton/km2/month mg/day/100cee PtO2
F__ :*
Coughing + 0.309 + 0.343
Phlegn + 0.321 + 0,480 °*
Sneezing + 0,579 * + 0.4585 *
Throat irritation + 0.403 + 0,276
—

The values of sulfur dioxide were gained Irom

monthly determination.
* ..ss. Significant risk under 5%.

® .eec.. 8ignificant only in group of first

8 months.
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